Development of the olfactory bulb: evidence for glia-neuron interactions in glomerular formation.
Olfactory bulb (OB) glomeruli have long been considered functional units in the processing of odor information. Recently, it has been shown that axons from olfactory receptor neurons (ORNs) expressing the same odorant receptor gene converge onto two or a few topographically fixed glomeruli in the OB. The interactions between ORN axons, mitral/tufted cell dendrites, juxtaglomerular (JG) cells, and glial cells during the development of glomeruli is of great importance in light of this receptor gene glomerular topography in the primary olfactory projection. To explore the development of mammalian olfactory glomeruli, we investigated the relationships among radial glia (RG), astrocytes, ORNs, JG cells, mitral/tufted cell dendrites, and olfactory Schwann cells throughout embryonic and early postnatal development. Our results indicate that glomeruli are formed through an invariant sequence of cellular events: (1) pioneering ORN axons contact the rostral telencephalon at approximately E11-14, which coincides with the onset of morphologic changes in telencephalic RG; (2) at E15-16, RG branch and begin to form two plexuses, one located in the subventricular layer and the other superficial to the presumptive mitral cell layer; (3) at E17-18, ORN axons accumulate in a dense band superficial to the outer radial glia plexus; (4) at E19-20, processes from RG and astrocytes begin to ramify to form glial tufts, or glial glomeruli. Coincident with the formation of these glial glomeruli, ORN axons intermingle with the glial processes and form proto-glomeruli; (5) at E21 to P0, JG cells begin to migrate into position surrounding glomeruli, (6) and at P4, the apical tuft of mitral cells becomes restricted to a single glomerulus. Interestingly, glomerular development also occurs in a distinct rostral to caudal gradient. That is, glomeruli in the rostral OB develop earlier than those in the caudal OB, but the sequence of cellular events at any point in the bulb is invariant. These results demonstrate that glomeruli are formed in a specific spatiotemporal sequence beginning with ORN axon-glia contacts, then JG cell arrival, and finally mitral cell apical dendrite restriction.